Experimental sleep restriction increases sleepiness and impairs driving performance. However, it is unclear whether short sleep duration in the general population is associated with drowsy driving.
INTRODUCTION
Crashes related to drowsy driving may be more likely to result in injury or death, since they are not typically preceded by avoidance maneuvers, such as braking or swerving (Strohl et al. 1998 , NHTSA 2011 . While estimating the number of accidents due to drowsy driving is methodologically difficult, federal data suggest that approximately 15-33% of fatal crashes may be due to drowsy driving. Results from the National Sleep Foundation's "Sleep in America" poll estimated that more than half of drivers admitted to drowsy driving and 17% reported falling asleep at the wheel within the past year (Drobnich 2005, Powell and Chau 2011) , and the Centers for Disease Control and Prevention found that >4% of drivers reported driving while drowsy in the previous month (McKnight-Eily et al. 2011) .
A number of investigations have linked insufficient sleep with impaired driving ability. In a study of simulated driving performance in shift workers with and without a full night's sleep, prior sleep loss coincided with increased sleepiness levels at the wheel (operationally defined as an increase in eye closure duration and lateral variability) (Anund et al. 2009 ). Another study, which restricted an experimental group to 5h of sleep, found that, overall, sleep deprivation resulted in driving impairment (through lane shifting events) and, furthermore, younger men were more vulnerable to this effect (Filtness et al. 2012 ). An increase in break reaction time after a night of insufficient sleep has also been indicated through simulated driving studies (Miyata et al. 2010) .
These studies are limited by their ability to effectively measure real-life driving scenarios. Some studies have examined less precise but more ecologically valid measures. For example, night-time driving, which coincided with an increase in sleepiness, was found to be associated with an increase in lateral variability and reduced speed while driving (Sandberg et al. 2011) . In a review of California Department of Motor Vehicles driving records and reports, one study found that short sleepers are not at a higher risk for accidents or other violations (Kripke and Rex 2002) . This study is strengthened by its use of objective events as outcome and objective sleep measures, but is limited by potential underreporting of single-car accidents, near-misses, and other problems that may be associated with drowsy driving.
One of the key questions that remain to be addressed is whether the association between sleep and driving generalizes to the population level, beyond small studies of restricted cohorts. Also, since many studies examined driving impairment as a result of forced sleep deprivation under experimental conditions, questions remain regarding the effects of habitual short sleep on driving quality. Accordingly, the present study examined the 2009 Behavioral Risk Factor Surveillance System national survey to determine: (1) whether shortsleepers (6h or less) were more likely to report drowsy driving than average-duration sleepers and, (2) if perception of insufficient sleep (as either always sufficient or always insufficient) modified the self-reporting of drowsy driving and/or this association. These analyses were carried out using a large, highly generalizable sample (with weighted data representing ~21 million American adults from 6 states).
METHODS

Data Source
Data from the 2009 Behavioral Risk Factor Surveillance System (BRFSS) were used (Centers for Disease Control 2009b). The BRFSS is an annual, state-based, random-digitdialed telephone interview survey of United States adults aged ≥18 years. It is conducted by the Centers for Disease Control and Prevention and it is designed to monitor health-related behaviors in the general population. Since not all states are administered all questions, we restricted analyses to states that were asked both sleep and driving survey items. These included 6 states, representing states from the West (Hawaii and Wyoming), South (Georgia and Louisiana), and Midwest (Illinois and Minnesota); no states from the Northeast provided data. Response rates ranged from 45.6% (Hawaii) to 59.7% (Minnesota), and cooperation rates ranged from 68.9% (Hawaii) to 83.9% (Georgia)(Centers for Disease Control 2009a). All analyses are adjusted to remove bias in the sample. To do this, BRFSS assigns a weight to each participant to account for differences in selection probability, lack of coverage or response, number of residential telephone lines in the home of each participant, and number of adults in the household. This increases generalizability of results by accounting for factors of location and accessibility, and characteristics such as age, sex, and ethnicity. A more detailed description can be located within BRFSS documentation (Centers for Disease Control 2009a).
Measures
Drowsy Driving-Drowsy driving was assessed using the item, "During the past 30 days, have you ever nodded off or fallen asleep, even just for a brief moment, while driving?" Responses were coded as Yes or No. Those who did not answer, did not have a license, or do not drive were excluded.
Sleep Duration-Self-reported habitual sleep duration was assessed using the question, "On average, how many hours of sleep do you get in a twenty-four hour period? Think about the time you actually spend sleeping or napping, not just the amount of sleep you think you should get." Hours of sleep were entered in whole numbers. Responses were categorized as <5, 5-7 [reference], 8-and ≥10h.
Insufficient Sleep-Perceived sleep insufficiency was assessed using the question, "During the past thirty days, for about how many days have you felt you did not get enough rest or sleep?" Responses were transformed to number of days per week (by dividing by 4.285) for improved clarity in interpretation, with 0 days/week defined as "always sufficient" and 7 days/week defined as "always insufficient".
Covariates-Covariates included in analyses were age, sex, race/ethnicity (White, Black/ African-American, Hispanic/Latino, Asian/Other, Multiracial), education (less than high school, high school graduate, some college, college graduate), and income (<$10,000, $10,000-$15,000, $15,000-$20,000, $20,000-$25,000, $25,000-$35,000, $35,000-$50,000, $50,000-$75,000, and ≥$75,000). Physical health was assessed as days of poor physical health in the past 30 days, and mental health was assessed as days of poor mental health in the past 30 days. These variables were chosen a priori, as previous studies have found that these variables were related to sleep (Buxton and Marcelli 2010, Grandner et al. 2010a) .
Statistical Analyses
Complete case analysis was implemented for both sleep duration and sleep insufficiency, such that only participants who provided complete data were included for each analysis. Categorical variables were expressed as percentages while continuous variables were expressed in terms of mean (±SD). To assess unadjusted associations between each dependent variable and all covariates, Rao-Scott Chi-square and binary logistic regression were used. For the dependent outcome (drowsy driving), two separate models were subsequently built as follows; 1) sleep duration alone; 2) sleep duration plus covariates. This was conducted for the entire sample, as well as separately for those reporting 0 and 7 nights/ week of sleep insufficiency.
This large sample of >30,000 individuals represents a population of ~21 million. As a result, we have the power to detect significance for relatively small effect sizes.
We considered a two-tailed P-value of <0.05 as significant. All statistical calculations were performed using STATA/SE version 11.1 (STATA Corp, College Station TX).
RESULTS
Sample Characteristics
Characteristics of the sample are reported in Table 1 . All cases were weighted, resulting in a sample that was nationally-representative. Sleep duration categories were, however, differentially distributed across sociodemographic, socioeconomic, and health variables, justifying their inclusion as covariates. Overall, from a sample N=31,522, 3.6% (N=1,197) reported drowsy driving. Of the total sample, 10.9% reported sleep as always insufficient, and 29.1% as always sufficient. A total of 8.5% that reported sleep duration ≥10h reported that sleep was always insufficient. Frequency distributions of sleep duration in the complete study sample, as well as sub-groups that report always insufficient and always sufficient sleep are displayed in Figure 1 . Table 2 shows the logistic regression results for falling asleep at the wheel as associated with sleep duration for the complete sample. Both before and after adjustment for covariates, short duration sleepers (6h or less) were more likely to report drowsy driving. The unadjusted data shows that very short sleepers (≤ 5h) were 3.8 times as likely to report drowsy driving (OR = 3.816, p<.0001), and that short sleepers (6h) were twice as likely to report drowsy driving (OR = 2.004, p <.0001). After adjustment for covariates, the increase in reported drowsy driving in short sleepers became slightly less pronounced for ≤ 5h: OR = (3.573, p < .001), and for 6h: (OR = 1.894, p < .0001). After adjustment, the 9-hour sleepers showed a decreased likelihood to report drowsy driving (OR = 0.329, p =0.0057).
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Table 2 also shows the logistic regression results for drowsy driving and sleep duration for those who reported 7 days/week of insufficient sleep (always insufficient) and 0 days/week of insufficient sleep (always sufficient). Among those who reported sleep that was always insufficient, there was an increased probability of self-reported drowsy-driving in both very short sleepers (≤5h) and short sleepers (6h) when compared to 7 hour sleepers. Long sleepers (≥10h) that also rated their sleep as always insufficient were also more likely to report drowsy driving. After adjustment for covariates, the relationship remained for ≤ 5h, 6h and ≥10h. For those who reported 0 days/week of insufficient sleep (always sufficient), very short and short-sleeper subgroups were again more likely to report drowsy driving both before and after adjustment.
DISCUSSION
We found that "very short" and "short" sleep durations, defined as ≤5 and 6h, respectively, were associated with drowsy driving in main and adjusted analyses. Very short sleepers were 3.6-3.8 times more likely to report drowsy driving than 7-hour sleepers, and short sleepers were 1.9-2.0 times more likely. Members of these sleep duration categories rated themselves as having always sufficient or always insufficient sleep, defined as number of days of perceived insufficient sleep in the past 30 days. The main finding, that short sleep duration is associated with drowsy driving, was independent of perceived sufficiency. Said another way, short sleepers and very short sleepers experienced drowsy driving, regardless of whether or not they rated their sleep as always sufficient -this relationship persisted even in cases where subjects reported no insufficient sleep at all in the past month. The second key finding was that a subgroup of long sleepers (≥10h) who also experienced sleep quality as "always insufficient" also had increased risk of drowsy driving.
Our findings are consistent with previously-reported data (Van Dongen et al. 2004) regarding self-rated sleepiness in response to acute and chronic sleep deprivation. While subjects are able to perceive sleepiness in conditions of acute sleep deprivation, such ability reaches a plateau during sustained periods of chronic sleep insufficiency, and the ability to perceive performance deficits becomes impaired. On the other hand, objective assessments continue to show cumulative deficits in neurocognitive performance under conditions of chronic sleep deprivation. One such measure is the psychomotor vigilance test (PVT) (Rupp et al. 2004 , Lim and Dinges 2008 , which measures vigilance and response time, both of which are critical during on-the-road driving performance. These data suggest that short or very short self-reported sleep duration is a robust predictor of drowsy driving, rather than the self-rating of sleep as always sufficient or always insufficient.
In contrast, long sleepers (≥10h) were at increased risk for drowsy driving only if they perceived their sleep as always insufficient. As suggested previously Patel 2009, Grandner et al. 2010b) , this group is also at higher risk for all-cause mortality. One prevailing hypothesis is that the combination of long sleep duration and perception of insufficient sleep may mark those with comorbid sleep disorders such as obstructive sleep apnea (OSA). OSA is common in the general population; prevalence estimates from 1993 suggest that OSA afflicts 4% of men and 2% of women (Young et al. 1993) . This prevalence has likely risen, given the link between OSA and obesity, though more recent population prevalence data are not currently available. Despite adequate or even long sleep duration, patients with OSA may report daytime sleepiness and suffer increased risk of sleepiness-related vehicular crashes, at a rate of 1.21-4.89 compared to controls without sleep apnea (Tregear et al. 2009 ). Treatment of sleep apnea in these individuals has been shown to lower crash risk to baseline levels (Tregear et al. 2010) . Therefore, our studies may be marking an important subgroup that deserves formal sleep evaluation to assess for sleep disorders.
Limitations
This study incorporated survey data from a large, population-based sample which represented a population of ~21 million. While the large sample size enhanced our ability to detect small effect sizes, and the use of a population-based cohort enhances generalizability of the results, several limitations in study design should be mentioned. The assessment of sleep duration, frequency of perceived insufficient sleep, and drowsy driving were made at a single time point, which limits causal inference. Moreover, our assessments were subjective, raising the possibility of misclassification and possible under-reporting of drowsy driving. Our findings would be strengthened by linking these self-reports with objective data, such as actigraphy, vigilance testing, assessments of driving performance on the road or via simulators, and crash records. 
